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(54) Method and apparatus for ultrasonic wave medical treatment using computed tomography 


(57) An ultrasonic wave medical treatment In which 
the position of the focal point of the ultrasonic waves, 
the temperature in a vicinity of the object to be treated, 
and the effect of the treatment can be determined easily 
and accurately. The three-dimensional image informa- 
tion of the object (7) to be treated obtained by a com- 
puted tomography device (9,10,11,14,15) is utilized in 
locating the focal point (6). In case of using a nuclear 
magnetic resonance imaging device as the computed 
tomography device, the T2 weighted image and the 
chemical shift data can be used in checking the effect 
of the treatment and the temperature in a vicinity of the 
object (7). The endocavitary probe equipped with tem- 
perature and intensity sensors may also be used. The 
ultrasound tomographic images obtained by the ultra- 
sound tomographic imaging device may also be used in 
conjunction with the three-dimensional image informa- 
tion. Sequential shifting of the focal point (6) of the ul- 
trasonic waves may be employed to reduce adverse in- 
fluence due to the cavitation. 


FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an ultrasonic 
wave medical treatment for treating treatment targets 
such as tumors, calculi, etc. inside a living body by ap- 
plying ultrasonic waves thereon. 

Description of the Background Art 

[0002] In recent years, for a treatment of the calcuio- 
sis, much attention has been attracted to a lithotriptor 
for destroying calculi inside a living body non-invasively 
by applying intense ultrasonic waves focused on the cal- 
culi to be destroyed in the living body. 
[0003] For a source of the intense ultrasonic waves to 
be used in such a lithotriptor, there are many conven- 
tionally known sources including a source using a spark 
discharge in water, a source using an electromagnetic 
induction, a source using a small scale explosion, and 
a source using piezoelectric elements, each of which 
has its own advantages and disadvantages. Among 
them, the source using piezoelectric elements is known 
to have the disadvantage that the intensity of the ultra- 
sonic waves at the focal point is rather small, but this 
type of source is also known to have several excellent 
advantages including the smallness of the size of the 
focal point, the elimination of the consumption, the con- 
trollability of the intense ultrasonic waves, the controlla- 
bility of the position and the shape of the focal point by 
phase controlling the driving waveforms to be applied to 
a plurality of piezoelectric elements. (See, Japanese 
Patent Application Laid Open No. 60-145131, U.S. Pat- 
ent No. 4526168, and Japanese Patent Application Laid 
Open No. 62-42773.) 

[0004] On the other hand, for a treatment of the can- 
cer, much attention has been attracted to a hyperther- 
mia which treats the cancer by utilizing the fact that the 
tumor tissues have higher thermal sensitivity than the 
normal tissues such that they can be killed by heating 
them at the temperature higher than 42.5 °C. In such a 
hyperthermia, the localized heating of the tumor portion 
is known to be particularly effective, 
[0005] For a heating method to be used in such a 
hyperthermia, the method utilizing the electromagnetic 
waves such as microwaves has been used convention- 
ally. However, this conventional method of heating has 
a difficulty in selectively heating the tumor located deep 
inside the living body because of the electrical charac- 
teristics of the living body that affect the penetration of 
the electromagnetic waves, so that the satisfactory level 
of treatment has been realized only for the relatively su- 
perficial tumors located within 5 cm from the surface of 
the living body. 

[0006] For this reason, for a treatment of the deeply 


located tumors, there has been a proposition to use a 
heating method utilizing the acoustic energy such as ul- 
trasonic waves which utilizes the fact that the ultrasonic 
waves have superior focusing ability as well as deeper 

5 penetration range. 

[0007] There is also a proposition for a treatment 
method in which the above described hyperthermia is 
further developed to burn the tumor tissues to death by 
heating the tumor portion at the temperature higher than 

10 B0 °C, as disclosed in Japanese Patent Application No. 
3-306106. 

[0008] Forasourceoftheultrasonicwavestobeused 
in such a hyperthermia using the ultrasonic waves, the 
conventionally proposed sources include an ultrasonic 

'5 transducer constructed from a plurality of piezoelectric 
elements which has an overall spherical surface, and 
an annular array ultrasonic transducer constructed by 
arranging a plurality of ring shaped ultrasonic transduc- 
er elements concentrically. Among them, the annular ar- 

20 ray ultrasonic transducer has the advantage that the 
depth of the focal point can be varied electrically. 
[0009] There Is also a proposition for the phased array 
ultrasonic transducer in which the position of the focal 
point can be moved three-dimensionally, as disclosed 

25 in U.S. Patent No. 45261 68. 

[0010] There is also a proposition for the treatment 
apparatus in which the above described lithotriptor is 
provided along the above described hyperthermia inte- 
grally, as disclosed in Japanese Patent Application No. 

30 3-306106. 

[0011] There is also a proposition for a hyperthermia 
treatment apparatus incorporating an ultrasonic wave 
source using piezoelectric elements in which the treat- 
ment target portion can be heated uniformly by utilizing 

35 the small focal point characteristic to the ultrasonic wave 
source using piezoelectric elements, as disclosed in 
Japanese Patent Application Laid Open No. 61-209643. 
[0012] However, in this hyperthermia treatment appa- 
ratus, the focal point is moved continuously such that 

40 the ultrasonic waves are applied to neighboring regions 
sequentially. Consequently it has been impossible in 
this hyperthermia treatment apparatus to carry out the 
treatment procedure including the application of the ul- 
trasonic waves to two distanced points alternately orthe 

45 avoidance of obstacles such as bones during the appli- 
cation of the ultrasonic waves, so that there is a danger 
of damaging the normal tissues in vicinities of the tumor 
tissues. 

[0013] Moreover, in a case of applying the intense ul- 
50 trasonic waves continuously at a fixed target position, 
the acoustic energy released immediately after the start 
of the application of the ultrasonic waves can reach to 
the target position without any obstruction, but the 
acoustic energy reaching to the target position will be 
55 gradually attenuated as air bubbles generated at or in 
vicinity of the focal point due to the cavitation caused by 
the intense uttrasonic waves themselves start to reflect 
the intense ultrasonic waves. The same problem due to 
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the cavitation is also present in a case of applying the 
intense ultrasonic waves by moving the focal point slow- 
ly. 

[0014] Here, the cavitation is the phenomenon in 
which the air bubbles (air cavities) are generated by 5 
tearing off the water through which the intense ultrason- 
ic waves pass, as a very large tensile force is exerted 
to the water due to the influence of the negative pressure 
associated with the intense ultrasonic waves passing 
through the water. The air bubbles so generated will 
subsequently function as reflectors for the ultrasonic 
waves. Consequently, when a large amount of air bub- 
bles generated by the cavitation are floating around the 
previous focal points to which the intense ultrasonic 
waves have already been applied, the acoustic energy 
of the intense ultrasonic waves applied to a new focal 
point in a vicinity of the previous focal points will be at- 
tenuated. 

[0015] On the other hand, in a conventional hyper- 
thermia treatment apparatus, the positioning of the focal 
point is achieved by utilizing the two-dimensional ultra- 
sound tomographic images. However, the tumor to be 
treated very often has a complicated three-dimensional 
shape in practice, so that it has been very difficult to re- 
alize the complete treatment of the entire tumor by using 
the two-dimensional tomographic images. 
[0016] To cope with this problem, there has been a 
proposition to utilize the three-dimensional ultrasound 
images, as disclosed in Japanese Patent Application 
Laid Open No. 61-209643. 

[0017] However, in the ultrasound images, the region 
behind the bones and the pneumatic organs such as 
lung becomes invisible, so that thefull three-dimension- 
al information cannot be provided, and only the relative 
position of the focal point and the treatment target por- 
tion can be ascertained at best. 
[0018] Furthermore, such a conventional hyperther- 
mia treatment apparatus has no means to judge the ef- 
fect of the treatment made, so that whether to continue 
or discontinue the treatment cannot be decided over a 
considerably long period of time ranging from several 
weeks to several months required to ascertain the effect 
of the treatment by some conventionally known meth- 
ods. 

[0019] Moreover, it has been difficult in the conven- 
tional hyperthermia treatment apparatus to accurately 
determine the temperature at which the tumor portion is 
actually heated, so that it has been difficult to prevent 
the accidental overlooking of some tumor portions to be 
treated or the excessive heating of some portions to 
which the intense ultrasonic waves are applied. 

SUMMARY OF THE INVENTION 

[0020] It is therefore an object of the present invention 
to provide a method and an apparatus for an ultrasonic 
wave medical treatment capable of determining the po- 
sition of the focal point of the ultrasonic waves easily 


and accurately. 

[0021] It is another object of the present invention to 
provide a method and an apparatus for an ultrasonic 
wave medical treatment capable of determining the ef- 
fect of the treatment easily and accurately, shortly after 
the treatment has actually been made. 
[0022] It is another object of the present invention to 
provide a method and an apparatus for an ultrasonic 
wave medical treatment capable of determining the tem- 
perature in a vicinity of the object to be treated easily 
and accurately, such that the effective treatment of the 
tumor tissues can be realized without any potential for 
damaging the normal tissues around the tumor tissues. 
[0023] According to one aspect of the present inven- 
tion there is provided an ultrasonic medical treatment 
apparatus, comprising: ultrasonic wave applicator 
means for applying ultrasonic waves to an object to be 
treated; focal point control means for changing a focal 
point of the ultrasonic waves applied by the ultrasonic 
wave applicator means; computed tomography means 
for obtaining three-dimensional image information of the 
object to be treated; calculation means for determining 
a position of the focal point changed by the focal point 
control means in the three-dimensional image informa- 
tion obtained by the computed tomography means; and 
display means for displaying the three-dimensional im- 
age information obtained by the computed tomography 
means in superposition with the focal point at the posi- 
tion determined by the calculation means. 
[0024] According to another aspect of the present in- 
vention there is provided a method of ultrasonic medical 
treatment, comprising the steps of: applying ultrasonic 
waves to an object to be treated from ultrasonic wave 
applicatormeans; changing afocal point of the ultrason- 
ic waves applied at the applying step; obtaining three- 
dimensional image information of the object to be treat- 
ed by computed tomography means; determining a po- 
sition of the focal point changed at the changing step in 
the three-dimensional image information obtained by 
the computed tomography means; and displaying the 
three-dimensional image information obtained by the 
computed tomography means in superposition with the 
focal point at the position determined at the determining 
step. 

[0025] Other features and advantages of the present 
invention will become apparent from the following de- 
scription taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Fig. 1 is a schematic block diagram of a first 

embodiment of an ultrasonic wave medical treatment 

apparatus according to the present invention. 

[0027] Fig. 2 is a schematic block diagram of a second 

embodiment of an ultrasonic wave medical treatment 

apparatus according to the present invention. 

[0028] Fig. 3 is a perspective view of a phased array 
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ultrasonic transducer to be used in the ultrasonic wave 
medical treatment apparatus shown in Fig. 2. 
[0029] Fig. 4 is an illustration of an exemplary display 
to be used in the ultrasonic wave medical treatment ap- 
paratus shown in Fig. 2. 5 
[0030] Fig. 5 is a schematic diagram of an alternative 
spatial arrangement of a static magnetic field coil and 
gradient magnetic field coils in a CT section of the ultra- 
sonic wave medical treatment apparatus of Fig. 2. 
[0031] Fig. 6 is an illustration of an exemplary display io 
to be used in a third embodiment of the ultrasonic wave 
medical treatment apparatus according to the present 
invention, at a time of entering the ultrasonic wave treat- 
ment plan. 

[0032] Fig. 7 is an illustration of an exemplary display '5 
to be used in a third embodiment of the ultrasonic wave 
medical treatment apparatus according to the present 
invention, at a time of executing the ultrasonic wave 
treatment. 

[0033] Fig. 8 is a diagrammatic illustration of position- 20 
ing of a phased array ultrasonic wave transducer and 
an endocavitary probe to be used in a fourth embodi- 
ment of the ultrasonic wave medical treatment appara- 
tus according to the present invention. 
[0034] Fig. 9 is an enlarged view of the endocavitary 25 
probe shown in Fig. 8 to be used in a fourth embodiment 
of the ultrasonic wave medical treatment apparatus ac- 
cording to the present invention.. 
[0035] Fig. 1 0 is a schematic block diagram of a main 
part of a fifth embodiment of an ultrasonic wave medical 30 
treatment apparatus according to the present invention. 
[0036] Fig. 11 A is an illustration of an exemplary dis- 
play to be used in the ultrasonic wave medical treatment 
apparatus of Fig. 10. 

[0037] Fig. 1 1 B is an illustration of contours of a tumor 35 
to be used in constructing a three-dimensional image 
information in the exemplary display of Fig. 11 A. 
[0038] Fig. 12A and Fig. 12B are diagrammatic illus- 
tration of measurements of maximum lengths in three 
orthogonal directions to be utilized In obtaining an alter- *o 
native three-dimensional image information to be dis- 
played in the ultrasonic wave medical treatment appa- 
ratus of Fig. 10. 

[0039] Fig. 12C is an illustration of the alternative 
three-dimensional image information to be displayed tn 45 
the ultrasonic wave medical treatment apparatus of Fig. 
10 obtained from the measurements made in Fig. 12A 
and Fig. 12B. 

[0040] Fig. 13A and Fig. 13B are illustrations of divi- 
sion of a tumor into cells to be utilized in the application so 
of the intense ultrasonic waves in the ultrasonic wave 
medical treatment apparatus of Fig. 10. 
[0041] Fig. 14 is an illustration of the divided cells of 
a tumor for explaining an order of application of the in- 
tense ultrasonic waves in the ultrasonic wave medical ss 
treatment apparatus of Fig. 10. 


DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] Referring now to Fig. 1 , a first embodiment of 
an ultrasonic wave medical treatment apparatus ac- 
cording to the present invention will be described in de- 
tail. 

[0043] In this first embodiment, the ultrasonic wave 
medical treatment apparatus generally comprises an ul- 
trasonic wave treatment section, and a computed tom- 
ography (CT) section. 

[0044] The ultrasonic wave treatment section in- 
cludes: an ultrasonic wave applicator 1 constructed from 
an ultrasonic transducer 2 having a spherical surface for 
generating intense ultrasonic waves to be applied to a 
patient 3, an acoustic coupling fluid 4 for transmitting 
the intense ultrasonic waves generated by the ultrasonic 
transducer 2 to the patient 3 , and a water bag 5 for con- 
taining the acoustic coupling fluid 4; a driving circuit unit 
8 for driving the ultrasonic transducer 2 to generate the 
intense ultrasonic waves of a desired intensity; a me- 
chanical arm unit 18 for controlling a position of the ul- 
trasonic wave applicator 1 with respect to the patient 3; 
and an applicator position detection unit 1 9 for detecting 
a position of the ultrasonic wave applicator 1 controlled 
by the mechanical arm unit 1 8 by using potentiometers 
(not shown) attached on the mechanical arm unit 18. 
[0045] In a case of applying the intense ultrasonic 
waves to the patient 3, the ultrasonic wave applicator 1 
is placed on the body surface of the patient 3 with the 
water bag 5 facing toward the patient 3 such that the 
water bag 5 can make a contact with the body surface 
of the patient 3 through an ultrasonic jelly (not shown) 
provided thereon. Then, a focal point 6 of the intense i f 
ultrasonic waves to be generated by the ultrasonic 
transducer 2 is positioned to a tumor 7 to be treated in- 
side the body of the patient 3. Then, the driving circuit 
unit 8 drives the ultrasonic transducer 2 so as to gener- 
ate the intense ultrasonic waves of a desired intensity I 
which are focused to the focal point 6 positioned at the 
tumor 7 such that the tumor 7 can be treated by being 
heated at a desired temperature. 
[0046] On the other hand, in this first embodiment, the 
CT section comprises a nuclear magnetic resonance 
imaging (MRI) apparatus capable of obtaining usual nu- 
clear magnetic resonance (NMR) tomographic images, 
which is constructed from a static magnetic field coil 9 
with a central bore, an imaging gantry (not shown) in- 
serted inside the central bore of the static magnetic field 
coil 9 which contains gradient magneticfieldcoils 1 0 and 
an RF coil 11 for transmitting RF pulses and receiving 
NMR signals, a gradient magneticfield power source 14 
connected to the gradient magnetic field coils 1 0, and a 
transceiver circuit unit 1 5 connected to the RF coil 11 . 
[0047] In addition, the ultrasonic wave medical treat- 
ment apparatus of Fig. 1 further comprises: a bed 8 for 
placing the patient 3 lying thereon inside the imaging 
gantry while using the CT section and placing the patient 
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3 below the ultrasonic wave applicator 1 while using the 
ultrasonic wave treatment section; a bed control unit 13 
for controlling a location of the bed 8; a control circuit 
unit 1 2 forcontrolling the operations of the driving circuit 
unit 8 and the mechanical arm unit 18 in the ultrasonic 
wave treatment section, the gradient magnetic field 
power source 14 and the transceiver circuit unit 15 in 
the CT section, and the bed control unit 1 3; an operator 
console 16 connected to the control circuit unit 12 for 
entering an ultrasonic wave treatment plan to be pre- 
pared by an operator (not shown); a CRT display ^con- 
nected to the control circuit unit 1 7 for displaying various 
information to be utilized by the operator; and a printer 
20 for printing various information to be utilized by the 
operator 

[0048] Now, the ultrasonic wave medical treatment 
apparatus of this first embodiment operates as follows. 
[0049] First, the patient 3 is positioned on the bed 8 
in a supine position, and carried inside the imaging gan- 
try and set at a prescribed imaging position A by the bed 
8 controlled by the bed control unit 13. 
[0050] Then, the control circuit unit 12 controls the 
gradient magnetic field power source 1 4 and the trans- 
ceiver circuit unit 1 5 according to the prescribed imaging 
sequence specified by the operatorth rough the operator 
console 16 such that the usual multi-plane NMR tomo- 
graphic images containing the tumor 7 to be treated can 
be obtained. The obtained NMR tomographic images 
are stored in a memory (not shown) provided in the con- 
trol circuit unit 12, 

[0051] Next, the control circuit unit 12 controls the 
CRT display 17 to display three-dimensional image in- 
formation constructed from the NMR tomographic imag- 
es obtained by the CT section, in a form of a static image 
in a suitable display format such as pseudo-three-di- 
mensional display using wire frame. 
[0052] At this point, the operator enters the ultrasonic 
wave treatment plan from the operator console 1 6 while 
viewing the three-dimensional image information con- 
taining the tumor 7 to be treated which is displayed on 
the CRT display 17. Here, the ultrasonic wave treatment 
plan specifies the scanning pattern for the focal point 6 
and the desired intensity of the intense ultrasonic waves 
to be applied as well as the desired ultrasonic wave ap- 
plication timings and intervals and other parameters re- 
quired to be specified in the ultrasonic wave treatment 
to be made by the ultrasonic wave treatment section. 
When the entering of the ultrasonic wave treatment plan 
is completed, the operator commands the start of the 
ultrasonic wave treatment from the operator con sole 1 6. 
[0053] In response, the control circuit unit 1 2 controls 
the bed control unit 13 such that the bed 8 with the pa- 
tient 3 lying thereon is moved to the ultrasonic wave 
treatment section and set to a prescribed treatment po- 
sition B. 

[0054] Then, the control circuit unit 12 controls the 
mechanical arm unit 18 such that the ultrasonic wave 
applicator 1 is placed on the patient 3 above the tumor 


7 to be treated. During this positioning of the ultrasonic 
wave applicator 1, the control circuit unit 12 calculates 
the position of the focal point 6 of the intense ultrasonic 
waves to be applied according to the position of the ul- 

5 trasonic wave applicator 1 detected by the applicator po- 
sition detection unit 1 9 and a prescribed relationship be- 
tween the position of the mechanical arm unit 1 8 and 
the imaging view field of the CT section, and controls 
the CRT display 1 7 to display the focal point 6 in super- 

10 position to the three-dimensional image information. In 
addition, the control circuit unit 1 2 may also calculate an 
incidence route of the intense ultrasonic waves such 
that the incidence route can also be displayed along with 
the focal point 6. This display of the incidence route of 

'5 the intense ultrasonic waves can be useful in verifying 
the avoidance of obstacles in the ultrasonic wave treat- 
ment plan. 

[0055] Then, after the ultrasonic wave applicator 1 is 
appropriately positioned on the patient 3 with the focal 
20 point 6 located at the tumor 7 to be treated as specified 
by the ultrasonic wave treatment plan, the control circuit 
unit 12 controls the driving circuit unit 8 to start the ul- 
trasonic wave treatment. 

[0056] In a middle and/or at an end of the ultrasonic 
25 wave treatment as specified by the ultrasonic wave 
treatment plan, the application of the intense ultrasonic 
waves is stopped, the ultrasonic wave applicator 1 is re- 
moved from the patient 3, and the bed 8 is moved back 
to the imaging position A in the CT section, in order to 
so observe the progress and/or the effect of the ultrasonic 
wave treatment. 

[0057] Here, the NMR tomographic images are taken 
again in the same manner as they were taken prior to 
the entering of the ultrasonic wave treatment plan, and 

35 then the NMR tomographic images taken before the ul- 
trasonic wave treatment are compared with the NMR to- 
mographic Images taken after the ultrasonic wave treat- 
ment. For example, when the NMR tomographic images 
taken by the CT section are the T2 weighted images, 

40 the thermally degenerated region can be clearly visual- 
ized, so that it becomes possible for the operator to vis- 
ually inspect the sufficiency of the treatment applied so 
far and to determine the need of the further treatment. 
Here, for the sake of easy visual comprehension, a dif- 

45 ference image in which the NMR tomographic images 
taken after the ultrasonic wave treatment are subtracted 
from the NMR tomographic images taken before the ul- 
trasonic wave treatment may be calculated by the con- 
trol circuit unit 1 2 and displayed on the CRT display 1 7. 

so [0058] It is to be noted that any desired number of 
such inspections using the NMR tomographic image 
taking may be incorporated into the ultrasonic wave 
treatment plan in advance such that the NMR tomo- 
graphic image taking can be made automatically at 

55 specified timings. In addition, it is also possible to auto- 
matically determine an untreated region of the tumor 7 
which is not yet thermally degenerated and should be 
subjected to the further treatment by comparing the 
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N MR tomographic images taken before and after the ul- 
trasonic wave treatment, and the focal point 6 of the in- 
tense ultrasonic waves to be applied by the ultrasonic 
wave applicator 1 for the further treatment can be auto- 
matically set to the determined untreated region. 
[0059] It is also to be noted that by taking the NMR 
chemical shift data before and afterthe ultrasonic wave 
treatment, it also becomes possible to determine the 
change of the temperature at various parts within the 
body of the patient 3, so that the occurrence of the ex- 
cessive heating can also be visually inspected by the 
operator. Here, again, for the sake of easy vidual com- 
prehension, a difference image in which the chemical 
shift data taken after the ultrasonic wave treatment are 
subtracted from the chemical shift data taken before the 
ultrasonic wave treatment may becalculated by the con- 
trol circuit unit 12 and displayed on the CRT display 17. 
[0060] When the effect of the ultrasonic wave treat- 
ment is judged to be sufficient by the operator according 
to the above described visual inspection, the operator 
commands the end of the ultrasonic wave treatment 
from the operator console 16. At this point, the record 
of the ultrasonic wave treatment conducted may be out- 
putted either on the CRT display 1 7 or from the printer 
20. 

[0061 ] Thus, according to this first embodiment, it be- 
comes possible to realize an ultrasonic wave medical 
treatment apparatus capable of determining the position 
of the focal point of the uttrasonic waves easily and ac- 
curately, as the focal point can be displayed along with 
the three-dimensional image information constructed 
from the NMR tomographic images obtained by the CT 
section. 

[0062] In addition, it also becomes possible in this first 
embodiment to realize an ultrasonic wave medical treat- 
ment apparatus capable of determining the effect of the 
treatment, shortly after the treatment has actually been 
made, by taking and comparing the suitable NMR tom- 
ographic images before and after the ultrasonic wave 
treatment. 

[0063] Furthermore, it also becomes possible in this 
first embodiment to realize an ultrasonic wave medical 
treatment apparatus capable of determining the temper- 
ature in a vicinity of the treatment target portion accu- 
rately, by taking the chemical shift data, such that the 
effective treatment of the tumor tissues can be realized 
without any potential for damaging the normal tissues. 
[0064] It should be obvious that the CT section of the 
ultrasonic wave medical treatment apparatus of the first 
embodiment described above may comprise a tomo- 
graphic imaging apparatus other than the MRI appara- 
tus, such as an X-ray CT apparatus. 
[0065] It should also be obvious that the ultrasonic 
wave medical treatment apparatus of the first embodi- 
ment described above is equally applicable for the ul- 
trasonic wave medical treatment other than the hyper- 
thermia such as the Hthotriptor. 
[0066] Referring now to Fig. 2, a second embodiment 


of an ultrasonic wave medical treatment apparatus ac- 
cording to the present invention will be described in de- 
tail. Here, those elements which are substantially equiv- 
alent to the corresponding elements in the first embod- 

s iment described above will be given the same reference 
numerals and their description will be omitted, while 
those elements which are incorporating significant mod- 
ifications over the corresponding elements in the first 
embodiment described above will be given the same ref- 

10 erence numerals of the corresponding elements accom- 
panied by the suffix "a\ 

[0067] In this second embodiment, in the ultrasonic 
wave treatment section, the source of the intense ultra- 
sonic waves to be applied is provided in a form of a 

'5 phased array ultrasonic wave applicator 1a. Here, the 
phased array ultrasonic wave applicator 1 a is construct- 
ed in a form shown in Fig. 3 in which a planar disk 
shaped ultrasonic transducer 2a is divided in radial and 
circumferential directions to realize a plurality of mutu- 

20 ally independent phased array channels. 

[0068] This phased array ultrasonic wave applicator 
1a is also equipped with an ultrasonic wave probe 201 
for c ollecting ultrasoundjmaqip xLdata.to be used in the 
ult rasound tomog rapJiicimaging to be made by an ul- 

25 trasourici"tmffgtng-devtce-2027Where the ultrasonic wave 
probe 201 is located at a center of the planar disk 
shaped ultrasonic transducer 2a to be rotatable around 
its central axis as well as to be movable along its central 
axis. 

30 [0069] The driving circuit unit 8a to drive this phased 
array ultrasonic wave applicator la is formed from a 
group of driving circuits in correspondence to the divided 
phased array channels of the planar disk shaped ultra- 
sonic transducer 2a of the phased array ultrasonic wave 

35 applicator la, and there is also provided a phase control 
circuit unit 204 which provides mutually independent 
timing signals for controlling the driving circuits of the 
driving circuit unit 8a independently from each other, 
where the timing signals are appropriately delayed by 

to the phase control circuit unit 204 according to the control 
from the control circuit unit 12 in order to realize a de- 
sired phase distribution among the phased array chan- 
nels. By adjusting the phase distribution among the 
phased array channels appropriately, the focal point of 

45 the intense ultrasonic waves to be generated by the 
phased array ultrasonic wave applicator la can be set to 
an arbitrary position in three-dimensional space, as in- 
dicated by the focal points 6a and 6b in Fig. 3 for exam- 
ple. The further detail of the phased array ultrasonic 

so wave applicator la can be found in U.S. Patent No. 
4526168. 

[0070] In this second embodiment, the applicator po- 
sition detection unit 19 not only detects the position of 
the phased array ultrasonic wave applicator 1a as a 
55 whole, but also a relative position of the ultrasonic wave 
probe 201 with respect to the imaging view field of the 
CT section, and supplies this information to the control 
circuit unit 1 2 as well as to the ultrasound imaging device 
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202. 

[0071 ] The ultrasound imaging device 202 is connect- 
ed directly to the CRT display 17 and also receives the 
information on the position of the focal point 6 set up by 
the phased array ultrasonic wave applicator la from the 
control circuit unit 12, such that the ultrasound tomo- 
graphic images of the tumor 7 to be treated obtained by 
the ultrasound imaging device 202 can be displayed on 
the CRT display 1 7 during the ultrasonic wave treatment 
in real time, along with the position of the focal point 6 
of the intense ultrasonic waves applied, 
i [0072] The CRT display 1 7 is also capable of display- 
ing the display image as shown in Fig. 4 in which the 
static three-dimensional image information 401 con- 
i structed from the NMR tomographic images obtained by 
Ithe CT section prior to the attaching of the phased array 
ultrasonic wave applicator la to the patient 3 is shown 
along with the slice plane 402 currently scanned by the 
ultrasonic wave probe 201 , the focused region 403 and 
the incidence route 404 of the intense ultrasonic waves 
applied. 

[0073] On the other hand, in this second embodiment, 
the static magnetic field coil 9a and the gradient mag- 
netic field coils 1 0a of the CT section comprising the MRI 
apparatus are formed in the Helmholtz type with a cen- 
tral bore region 203 along a vertical direction, while the 
phased array ultrasonic wave applicator la is formed 
from non-magnetic materials, so that it becomes possi- 
ble to attach the phased array ultrasonic wave applicator 
la to the patient 3 through this central bore region 203 
by simply changing the orientation of the RF coil 11, 
without moving the patient 3. Consequently, there is no 
need to change the position of the patient 3 in the NMR 
tomographic image taking procedure and the ultrasonic 
wave treatment procedure, such that the timing differ- 
ence between the ultrasonic wave treatment and the vis- 
ual inspection using the NMR tomographic Image taking 
can be reduced and the potentially troublesome influ- 
ence of the body movement by the patient 3 during the 
period between these two operations can also be re- 
duced. 

[0074] Thus, according to this second embodiment, it 
becomes possible to realize an ultrasonic wave medical 
treatment apparatus capable of determining the position 
of the focal point of the ultrasonic waves easily and ac- 
curately, just as in the first embodiment described 
above, as the focal point can be displayed along with 
the three-dimensional image information constructed 
from the NMR tomographic images. 
[0075] In addition, it also becomes possible in this 
second embodiment to realize an ultrasonic wave med- 
ical treatment apparatus capable of determining the ef- 
fect of the treatment, shortly after the treatment has ac- 
tually been made, by taking and comparing the suitable 
NMR tomographic images before and after the ultrason- 
ic wave treatment, which can be done more quickly and 
accurately than the first embodiment as there is no need 
to move the patient between the ultrasonic wave treat- 


ment section and the CT section. 
[0076] Furthermore, it also becomes possible in this 
second embodiment to realize an ultrasonic wave med- 
ical treatment apparatus capable of determining the 
s temperature in a vicinity of the treatment target portion 
accurately, by taking the chemical shift data, such that 
the effective treatment of the tumor tissues can be real- 
ized without any potential for damaging the normal tis- 
sues, Just as in the first embodiment described above. 
10 [0077] It is to be noted here that the spatial arrange- 
ment of the static magnetic field coil 9a and the gradient 
magnetic field coils 10a in the Helmholtz type as shown 
in Fig, 2 may be replaced by an alternative spatial ar- 
rangement shown in Fig. 5 in which the central bore re- 
's gion 203 is provided along a horizontal direction. In this 
case, the phased array ultrasonic wave applicator la can 
be attached to the patient 3 through a side opening 303 
between the coil pairs of the static magnetic field coil 9a 
and the gradient magnetic field coils 10a. Also, in this 
20 case, although not depicted in Fig. 5, the spatial ar- 
rangement of the RF coil lla must be changed in accord- 
ance with the change of the directions of the static and 
gradient magnetic fields produced by the static magnet- 
ic field coil 9a and the gradient magnetic field coils 1 0a. 
25 [0078] It Is also to be noted that the phased array ul- 
trasonic wave applicator la may be replaced by the an- 
nular array ultrasonic wave applicator. 
[0079] It should be obvious that the CT section of the 
ultrasonic wave medical treatment apparatus of the see- 
so ond embodiment described above may comprise a to- 
mographic imaging apparatus other than the MRI appa- 
ratus, such as an X-ray CT apparatus. 
[0080] It should also be obvious that the ultrasonic 
wave medical treatment apparatus of the second em- 
35 bodiment described above is equally applicable for the 
uitrasonic wave medical treatment otherthan the hyper- 
thermia such as the lithotriptor. 
[0081] Referring now to Fig. 6 and Fig. 7, a third em- 
bodiment of an ultrasonic wave medical treatment ap- 
40 paratus according to the present invention will be de- 
scribed in detail. Here, those elements which are sub- 
stantially equivalent to the corresponding elements in 
the second embodiment described above will be given 
the same reference numerals and their description will 
45 be omitted. 

[0082] In this third embodiment, the ultrasonic wave 
medical treatment apparatus having a configuration 
substantially identical to that shown in Fig. 2 described 
above for the second embodiment is used. 
so [0083] This third embodiment differs from the second 
embodiment described above in that, in addition to the 
three-dimensional image information, the CT section al- 
so provides two-dimensional tomographic image infor- 
mation corresponding to the two-dimensional ultra- 
55 sound tomographic images taken by the ultrasound im- 
aging device 202. 

[0084] More specifically, in this third embodiment, the 
ultrasonic wave medical treatment apparatus of Fig. 2 
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operates as follows. 

[0085] First, the patient 3 is positioned on the bed 8 
in a supine position, and carried inside the imaging gan- 
try by the bed 8 controlled by the bed control unit 13. 
[0086] Then, the control circuit unit 12 controls the 
gradient magnetic field power source 14 and the trans- 
ceiver circuit unit 1 5 according to the prescribed imaging 
sequence specified by the operator through the operator 
| console 16 such that the usual multi-plane NMR tomo- 
|f graphic images containing the tumor 7 to be treated can 
j be obtained. The obtained NMR tomographic images 
are stored in a memory (not shown) provided in the con- 
trol circuit unit 12. 

[0087] Next, the control circuit unit 12 controls the 
CRT display 17 to display three-dimensional image in- 
formation constructed from the NMR tomographic imag- 
es obtained by the CT section in a form of a static MRI 
image 71 including the image of the tumor 7 to be treated 
as shown in Fig. 6, presented in a suitable display format 
such as pseudo-three-dimensional display using wire 
frame. Here, the CRT display 17 displays the static MRI 
Image 71 along with the scanning region 72 of the focal 
point 6 of the intense ultrasonic waves applied, the slice 
plane 73 currently scanned by the ultrasonic wave probe 
201 , and the incidence route 74 and the currently fo- 
cused region 75 of the intense ultrasonic waves applied, 
in order to assist the operator to properly planning the 
avoidance of obstacles in the ultrasonic wave treatment 
plan. 

[0088] At this point, the operator enters the ultrasonic 
wave treatment plan from the operator console 1 6 while 
viewing the three-dimensional image information con- 
taining the tumor 7 to be treated which is displayed on 
the CRT display 1 7. Here, the ultrasonic wave treatment 
plan specifies the scanning pattern for the focal point 6 
and the desired intensity of the intense ultrasonic waves 
to be applied as well as the desired ultrasonic wave ap- 
plication timings and intervals and other parameters re- 
quired to be specified in the ultrasonic wave treatment 
to be made by the ultrasonic wave treatment section. 
[0089] When the entering of the ultrasonic wave treat- 
ment plan is completed, the operator commands the 
start of the ultrasonic wave treatment from the operator 
console 16. 

[0090] In response, the control circuit unit 1 2 controls 
the mechanical arm unit 18 such that the ultrasonic 
wave applicator 1 is placed on the patient 3 above the 
tumor 7 to be treated. 

[0091] Then, after the ultrasonic wave applicator 1 is 
appropriately positioned on the patient 3 with the focal 
point 6 located at the tumor 7 to be treated as specified 
by the ultrasonic wave treatment plan, the control circuit 
unit 12 controls the driving circuit unit 8a to start the ul- 
trasonic wave treatment. 

[0092] Here, as shown in Fig. 7, during the ultrasonic 
wave treatment, the CRT display 1 7 displays the ultra- 
sound tomographic image 17A obtained by the ultra- 
sound imaging device 202 in real time, along with the 


corresponding MRI tomographic image 1 7B of the same 
slice plane and view field as the ultrasound tomographic 
image 17A, where the MRI tomographic image 17B con- 
tains the reconstructed two-dimensional tomographic > 

5 image 71a obtained by the CT section prior to the at- 
taching of the phased array ultrasonic wave applicator 
la to the patient 3, in order to assist the operator's com- 
prehension of the currently treated region shown on the 
ultrasound tomographic image 17A. Namely, by corn- 
to paring the ultrasound tomographic image 1 7A with the 
simultaneously displayed MRI tomographic image 17B 
that has been used in making the ultrasonic wave treat- 
ment plan, it becomes easier for the operator to com- 
prehend the displayed content of the ultrasound tomo- 

'5 graphic image 1 7A. Here, for the sake of the better com- 
prehension, these ultrasound tomographic image 17A 
and the MRI tomographic image 1 7B are also displayed 
along with the scanning area 72a for the focal point 6 of 
the intense ultrasonic waves applied, the slice plane 73 

20 currently scanned by the ultrasonic wave probe 201 , 
and the incidence route 74 and the currently focused 
region 75 of the intense ultrasonic waves applied. 
[0093] In this display by the CRT display 17, the 
change of the slice plane and the view field in the ultra- 

25 sound tomographic image 1 7A due to the movement of 
the ultrasonic wave probe 201 is closely followed by the 
reconstructed two-dimensional tomographic image 71a 
by utilizing the obtained NMR tomographic images 
stored in the aforementioned memory provided in the 

30 control circuit unit 12. Therefore, when any discrepancy 
between the ultrasound tomographic image 1 7A and the 
MRI tomographic image 17B is found, the discrepancy 
can be attributed to the body movement by the patient 
3, so that the re-positioning of the patient 3 can be made 

35 immediately. 

[0094] In addition, during the ultrasonic wave treat- 
ment, the CRT display 17 displays those regions to 
which the intense ultrasonic waves have been applied 
in color, in order to facilitate an easy and accurate com- 
prehension of the progress of the ultrasonic wave treat- 
ment. The coloring scheme other than this may also be 
incorporated on either one or both of the ultrasound to- 
mographic image 17A and the MRI tomographic Image 
17B. 

45 [0095] It is also possible to display the MRI tomo- 
graphic image 17B in the extended or contracted scale 
different from the size of the ultrasound tomographic im- 
age 17A, It is also possible to display the display as 
shown in Fig. 7 along with the display as shown in Fig. 

so 6 simultaneously. 

[0096] The ultrasonic wave treatment is carried out 
automatically under the control by the control circuit unit 
12 according to the ultrasonic wave treatment plan en- 
tered by the operator, but the manual control by the op- 

55 erator may also be provided. In a case of the manual 
control, the deviation from the entered ultrasonic wave 
treatment plan can be notified to the operator by using 
either one or both of the alarm sound and display mes- 
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sage. Here, however, the operator should be able to re- 
vise the ultrasonic wave treatment plan stored in the 
control circuit unit 1 2 from the operator console 1 6 dur- 
ing the ultrasonic wave treatment if necessary. 
[0097] Similarly to the first embodiment described 
above, in a middle and/or at an end of the ultrasonic 
wave treatment as specified by the ultrasonic wave 
treatment plan, the application of the intense ultrasonic 
waves is stopped and the ultrasonic wave applicator 1 
is removed from the patient 3, in order to observe the 
progress and/or the effect of the ultrasonic wave treat- 
ment. 

[009B] Here, the NMR tomographic images are taken 
again in the same manner as they were taken prior to 
the entering of the ultrasonic wave treatment plan, and 
then the NMR tomographic images taken before the ul- 
trasonic wave treatment are compared with the NMR to- 
mographic images taken after the ultrasonic wave treat- 
ment. For example, when the NMR tomographic images 
taken by the CT section are the T2 weighted images, 
the thermally degenerated region can be clearly visual- 
ized, so that It becomes possible for the operator to vis- 
ually inspect the sufficiency of the treatment applied so 
far and to determine the need of the further treatment. 
Here, for the sake of easy vidual comprehension, a dif- 
ference image in which the NMR tomographic images 
taken after the ultrasonic wave treatment are subtracted 
from the NMR tomographic images taken before the ul- 
trasonic wave treatment may be calculated by the con- 
trol circuit unit 12 and displayed on the CRT display 17. 
[0099] It is to be noted that any desired number of 
such inspections using the NMR tomographic image 
taking may be incorporated into the ultrasonic wave 
treatment plan in advance such that the NMR tomo- 
graphic image taking can be made automatically at 
specified timings. In addition, it is also possible to auto- 
matically determine an untreated region of the tumor 7 
which is not yet thermally degenerated and should be 
subjected to the further treatment by comparing the 
NMR tomographic images taken before and after the ul- 
trasonic wave treatment, and the focal point 6 of the in- 
tense ultrasonic waves to be applied by the ultrasonic 
wave applicator 1 for the further treatment can be auto- 
matically set to the determined untreated region. 
[0100] It is also to be noted that by taking the NMR 
chemical shift data before and after the ultrasonic wave 
treatment, it also becomes possible to determine the 
change of the temperature at various parts within the 
body of the patient 3, so that the occurrence of the ex- 
cessive heating can also be visually inspected by the 
operator. Here, again, for the sake of easy vidual com- 
prehension, a difference image in which the chemical 
shift data taken after the ultrasonic wave treatment are 
subtracted from the chemical shift data taken before the 
ultrasonic wave treatment may be calculated by the con- 
trol circuit unit 1 2 and displayed on the CRT display 1 7, 
[0101] When the effect of the ultrasonic wave treat- 
ment is judged to be sufficient by the operator according 


to the above described visual inspection, the operator 
commands the end of the ultrasonic wave treatment 
from the operator console 16. At this point, the record 
of the ultrasonic wave treatment conducted may be out- 
s putted either on the CRT display 1 7 or from the printer 
20. 

[0102] Also, similarly to the second embodiment de- 
scribed above, the static magnetic field coil 9a and the 
gradient magnetic field coils 1 0a of the CT section com- 
prising the MR1 apparatus are formed in the Helmholtz 
type with the central bore region 203 while the phased 
array ultrasonic wave applicator la is formed from non- 
magnetic materials, so that it becomes possible to at- 
tach the phased array ultrasonic wave applicator la to 
the patient 3 through this central bore region 203 by sim- 
ply changing the orientation of the RF coil 11, without 
moving the patient 3. Consequently, there is no need to 
change the position of the patient 3 in the NMR tomo- 
graphic image taking procedure and the ultrasonic wave 
treatment procedure, such that the timing difference be- 
tween the ultrasonic wave treatment and the visual in- 
spection using the NMR tomographic image taking can 
be reduced and the potentially troublesome influence of 
the body movement by the patient 3 during the period 
between these two operations can also be reduced. 
[0103] Thus, according to this third embodiment, in 
addition to the advantages of the second embodiment 
described above, it becomes possible to assist the op- 
erator's comprehension of the real time display of the 
ultrasound tomographic images during the ultrasonic 
wave treatment by also displaying the static image of 
the corresponding two-dimensional tomographic image 
obtained at the CT section, such that the accuracy and 
the efficiency in the ultrasonic wave treatment can be 
improved. 

[01 04] Referring now to Fig. 8 and Fig. 9, a fourth em- 
bodiment of an ultrasonic wave medical treatment ap- 
paratus according to the present invention will be de- 
scribed in detail. Here, those elements which are sub- 
stantially equivalent to the corresponding elements in 
the second embodiment described above will be given 
the same reference numerals and their description will 
be omitted. 

[01 05] In this fourth embodiment, the ultrasonic wave 
medical treatment apparatus to be used has a configu- 
ration substantially identical to that shown in Fig. 2 de- 
scribed above for the second embodiment, except that 
the RF coil lla used in the configuration of Fig. 2 is re- 
placed by an endocavitary RF coil 11b provided inside 
an endocavitary probe 27 to be inserted into a body cav- 
ity of the patient 3 as shown in Fig. 8. 
[01 06] The endocavitary probe 27 has a configuration 
as shown in Fig, 9, which shows a case in which the 
endocavitary prove 27 is inserted into the rectum in or- 
der to treat tumor 7 of the prostate cancer located near- 
by an Intestinal wall 28 of the rectum. As shown in Fig. 
9, the endocavitary probe 27 comprises: a probe body 
29 containing the endocavitary RF coil 11b therein; an 
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elastic water bag 64 surrounding the probe body 29 to 
be filled with water 65 to be supplied from an externally 
located water supply circuit unit 66; a plurality of tem- 
perature sensors 60 such as thermo-couples and inten- 
sity sensors 61 such as PVDF films which are provided s 
around the water bag 64 for measuring the temperature 
at the positions of the temperature sensors 60 and the 
intensity of the intense ultrasonic waves at the positions 
of the intensity sensors 61 , respectively; a water supply 
hose 62 for supplying the water 65 to fill the water bag 
64 from the water supply circuit unit 66; and a cable 63 
for transmitting the information collected by the endo- 
cavitary probe 27 as well as the signals to be supplied 
to the endocavitary probe 27. 
[0107] This endocavitary probe 27 is inserted into the 
rectum of the patient 3 to a position in a vicinity of the 
tumor 7 to be treated through which the intense ultra- 
sonic waves to be applied in the ultrasonic wave treat- 
ment will pass. Then, the water 65 is filled into the water 
bag 64 from the water supply circuit unit 66, such that 
there is no air In the Incidence route of the intense ultra- 
sonic waves to be applied. This removal of air from the 
incidence route of the intense ultrasonic waves has the 
effect of preventing the damaging of the nearby normal 
tissues due to the tensile force that can be caused by 
the reflection of the intense ultrasonic waves at the 
boundary of the air and the living body. 
[0108] Here, the temperature sensors 60 and the In- 
tensity sensors 61 are provided on the surface of the 
water bag 64 such that they will not make any contact 
with the water 65 filled in the water bag 64, and they 
make direct contacts with the intestinal wall 28. In addi- 
tion, a plurality of temperature sensors 60 and intensity 
sensors 61 are arranged at regular interval around the 
entire circumference of the water bag 64 as shown in 
Fig. 9, so that there is no need to rotate the endocavitary 
probe 27 after the endocavitary probe 27 is inserted into 
the rectum in order to bring the temperature sensors 60 
and the intensity sensors 61 in contact with the intestinal 
wall 28. 

[01 09] The NMR tomographic image taking operation 
by the CT section is carried out with the endocavitary 
probe 27 at this position In this fourth embodiment, be- 
cause the endocavitary RF coil 1 1 b can be located very 
close to the source of the NMR signals, the NMR tom- 
ographic images of high image quality can be obtained 
in this NMR tomographic image taking operation. 
[0110] Then, in executing the ultrasonic wave treat- 
ment, the endocavitary probe 27 is left at this position, 
such that when the intense ultrasonic waves are applied 
from the phased array ultrasonic wave applicator la, the 
temperature sensors 60 and the intensity sensors 61 
measure the temperature at the positions of the temper- 
ature sensors 60 and the intensity of the intense ultra- 
sonic waves at the positions of the intensity sensors 61 , 
respectively, and these data are transmitted through the 
cable 63 to the control circuit unit 12. In response, the 
control circuit unit 1 2 calculates the differences between 


the prescribed optimal values for the temperature and 
the intensity with the maximum values of the tempera- 
tures and the intensities measured by the temperature 
sensors 60 and the intensity sensors 61 , and adjust the 
controlling of the phase control circuit unit 204 to mini- 
mize the calculated differences. 
[0111] Throughout these operations, the water 65 fill- 
ing the water bag 64 is circulated by the control from the 
water supply circuit unit 66 such that the water 65 func- 
tions as coolant for preventing the potential damage of 
the intestinal wall 28 by the excessive heating. 
[01 1 2] It is to be noted that the similar operations can 
be carried out for the tumors at the organs other than 
the prostate, such as bladder and uterine. 
[0113] It is also to be noted that the endocavitary 
probe 27 described above may be adapted by the con- 
figuration of Fig. 1 for the first embodiment described 
above, instead of the configuration of Fig. 2 as de- 
scribed. 

[01 14] Thus, according to this fourth embodiment, in 
addition to the advantages of the second embodiment 
described above, it becomes possible to utilize the in- 
formation concerning the temperature and the intensity 
of the intense ultrasonic waves applied at the position 
of the endocavitary probe during the ultrasonic wave 
treatment, so that the accuracy and the efficiency in the 
ultrasonic wave treatment can be improved. 
[01 15] Referring now to Fig. 1 0, a fifth embodiment of 
an ultrasonic wave medical treatment apparatus ac- 
cording to the present invention will be described in de- 
tail. 

[0116] In this fifth embodiment, the ultrasonic wave 
medical treatment apparatus generally comprises an ul- 
trasonic wave treatment section, and a computed tom- 
ography (CT) section as in the first to fourth embodi- 
ments described above, where the CT section has a 
configuration substantially similar to that used in either 
one of the first or second embodiment described above, 
so that its description will be omitted. 
[01 17] The ultrasonic wave treatment section of this 
fifth embodiment has a configuration as shown in Fig. 
10, which includes a phased array ultrasonic wave ap- 
plicator 30 constructed from an ultrasonic transducer31 
having a spherical surface for generating intense ultra- 
sonic waves to be applied to the tumor 7 in the patient 
3 which Is formed by a plurality of piezoelectric ele- 
ments, an acoustic coupling fluid 33 for transmitting the 
intense ultrasonic waves generated by the ultrasonic 
transducer 31 to the patient 3, a water bag 32 for con- 
taining the acoustic coupling fluid 33, and an ultrasonic 
wave probe 36 for collecting ultrasound imaging data 
which is located at a center of, the ultrasonic transducer 
32 to be rotatable around its central axis as well as to 
be movable along its central axis. 
[0118] The ultrasonic wave treatment section of Fig. 
1 0 further Includes: a driving circuit unit 40 containing a 
plurality of driving circuits for driving a plurality of phased 
array channels of the ultrasonic transducer 31 to gener- 


is 


20 


25 


30 


35 


40 


45 


50 


10 


05/06/2004, EAST Version: 1.4.1 


19 EP11 

ate the intense ultrasonic waves of a desired intensity; 
a power source circuit unit 41 for supplying a driving 
power to the driving circuit unit 40; a delay circuit unit 
43 containing a plurality of delay circuits for controlling 
driving timings of a plurality of driving circuits in the driv- 
ing control circuit unit 40; a driving trigger pulse gener- 
ation unit 44 for generating a driving trigger pulse to be 
supplied to the delay circuit unit 43; and a control circuit 
unit 42 for controlling the operations of the power source 
circuit unit 41, the delay circuit unit 43, and the driving 
trigger pulse generation unit 44. 
[01 1 9] Here, the focal point 6 of the intense ultrasonic 
waves to be applied from the phased array ultrasonic 
wave applicator 30 can be changed by controlling the 
driving timings of a plurality of driving circuits in the driv- 
ing control circuit unit 40 from the delay circuit unit 43 
under the appropriate control by the control circuit unit 
42. In a case of heating the tumor 7 to be treated, the 
driving circuit unit 40 is controlled to supply the bursty 
signals of a constant voltage level to the phased array 
ultrasonic wave applicator 30 continuously. Further de- 
tail concerning the driving circuit unit 40, the power 
source circuit unit 41 , the delay circuit unit 43, and the 
driving trigger pulse generation unit 44 can be found in 
Japanese Patent Application No. 3-306106. 
[0120] The ultrasonic wave treatment section of Fig. 
1 0 further includes: an ultrasound imaging device 38 for 
obtaining the ultrasound tomographic images from the 
ultrasound imaging data collected by the ultrasonic 
wave probe 36; a digital scan converter (DSC) 39 for 
superposing the focal point 6 and the incidence route of 
the intense ultrasonic waves applied, a heated region 
on the tumor 7 and other information supplied from the 
control circuit unit 42 over the ultrasound tomographic 
images obtained by the ultrasound imaging device 38; 
a CRT display 37 for displaying the display image ob- 
tained by the DSC 39; and an Image data input device 
45 for inputting the image data to be supplied to the con- 
trol circuit unit 42 from the displayed image displayed 
by the CRT display 37 by using a light pen device 49. 
[0121] Here, the control circuit unit 42 can calculate 
the heated region on the tumor 7 in approximation from 
the positions and shapes of the focal point 6, the fluid 
equation, and the thermal absorption coefficients of the 
patient 3. The heated region can be displayed in differ- 
ent colorf rom that used for a case of lithotriptor, in order 
to prevent the excessive heating. The CKT display 37 
may also display the tomographic images obtained by 
the CT section as in the third embodiment described 
above. 

[0122] More specifically, as shown in Fig. 11 A, the 
CRT display 37 can display the three-dimensional im- 
age information 46 on the tumor 7 obtained from either 
the ultrasound tomographic images obtained by the ul- 
trasound imaging device 38 or the CT section, along 
with the three-dimensional coordinate frame 47 and the 
heated region 4B calculated by the control circuit unit 
42. Here, in order to obtain the three-dimensional image 
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information 46, each two-dimensional tomographic im- ^ 
age on each imaging slice plane 46a obtained by the ' 
ultrasound imaging device 38 or the CT section is dis- 
played on the CRT display 37 and the contour 7a of the 

5 tumor 7 to be treated on each imaging slice plane 46a 
Is Inputted Into the control circuit unit 42 by using the 
image data input device 45 and the light pen device 49, 
and then the three-dimensional image information 46 is 
calculated at the control circuit unit 42 by integrating the 

10 inputted contours 7a. Further detail of the manner of ob- 
taining the three-dimensional image information 46 can 
be found in Japanese Patent Application Laid Open No. 
61-209643. 

[0123] Alternatively, the CRT display 37 may display 
'5 an ellipsoidal three-dimensional image information 46b 
shown in Fig. 1 2C, obtained by measuring the maximum 
lengths La, Lb, and Lc along the x, y, and z coordinate 
axes of the tumor 7 as indicated in Fig. 12A and Fig. 
12B, and then calculating an ellipsoid 46b having ap- 
20 proximately equivalent volume as the tumor 7 at the con- 
trol circuit unit 42 according to the measured lengths La, 
Lb, and Lc. 

[0124] Now, in this fifth embodiment, the application 
of the intense ultrasonic waves from the phased array 

25 ultrasonic wave applicator 30 is carried out in the follow- 
ing procedure designed to reduce the loss of the acous- 
tic energy due to the cavitation. 
[0125] First, as shown in Fig. 13A and Fig. 13B, the 
tumor 7 to be treated is divided along x, y, and z coor- 

30 dinate axes into a plurality of cells, each of which having 
thicknesses Adx, Ady, and Adz along the x, y F and z co- 
ordinate axes, respectively. Here, the thicknesses Adx, 
Ady, and Adz of each cell are determined according to 
the size of the focal point 6 of the intense ultrasonic 

35 waves to be applied and the thermal absorption coeffi- 
cient of the patient 3 such that the sufficient heating ef- 
fect can be achieved at each cell by the application of 
the intense ultrasonic waves in the procedure described 
below. Here, the size of each cell is set to be slightly 

40 smaller than the size of the focal point 6 of the intense 
ultrasonic waves to be applied, in order to ensure that 
the application of the intense ultrasonic waves to the en- 
tire cell. Also, the thickness Adz is usually set to be larger 
than the thicknesses Adx and Ady. 

45 [0126] Then, the intense ultrasonic waves from the 
phased array ultrasonic wave applicator 30 are applied 
to each divided cell by sequentially shifting the focal 
point 6 of the intense ultrasonic waves according to the 
predetermined order such as that indicated in Fig. 14 for 

50 example. 

[0127] Namely, according to the order indicated in Fig. 
14, the cell labelled 1 in Fig. 14 is shot first, the cell la- 
belled 2 in Fig. 14 is shot next, and so on. This order is 
devised to make the successive positions of the focal 
55 point 6 as far distanced from each other as possible 
throughout, so as to minimize the influence due to the 
cavitation. 

[0128] Here, the intense ultrasonic waves are not ap- 
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plied at those cells which do not cover any part of the 
tumor 7 so that the undesirable damaging of the normal 
tissue can be prevented. 

[01 29] Also, the shifting of the focal point 6 can be re- 
alized either by a phase control of the phased array ul- 
trasonic wave applicator 30 by the delay circuit unit 43 
or by a mechanical control of the physical positions of 
the phased array ultrasonic wave applicator 30. 
[0130] It is to be noted here that, each cell may be 
further divided into sub-cells such that the focal point 6 
of the intense ultrasonic waves are shifted in units of 
these sub-cells, if desired. 

[0131] Thus, according to this fifth embodiment, in ad- 
dition to the advantages of the first or second embodi- 
ment described above, It becomes possible to reduce 
the influence due to the cavitation, so that the accuracy 
and the efficiency in the ultrasonic wave treatment can 
be improved. 

[0132] It is further to be noted here that, besides those 
already mentioned above, many modifications and var- 
iations of the above embodiments may be made without 
departing from the novel and advantageous features of 
the present invention. Accordingly, all such modifica- 
tions and variations are intended to be included within 
the scope of the appended claims. 

Claims 

1. Ultrasonic medical treatment apparatus, compris- 
ing: 

a) computed tomography means for obtaining 
a three-dimensional image information of an 
object (7) to be treated, 

b) ultrasonic wave applicator means for apply- 
ing ultrasonic waves propagating through a 
common focal point to the object to be treated, 

c) inputting means (1 6, 49) for inputting the fo- 
cal point in terms of the three-dimensional im- 
age Information 

d) focal point control means for changing the 
focal point according to the inputted focal point 
by the inputting means, 

e) calculation means (12) for determining the 
position of the focal point changed by the focal 
point control means in terms of the three-di- 
mensional image information, wherein the cal- 
culation means includes an applicator position 
detection unit for detecting the position of the 
ultrasonic wave applicator means in order to 
calculate the position of the focal point to be dis- 
played by the display means, 


f) display means (17) for displaying the three- 
dimensional image information of the object in 
superposition with the focal point at the position 
determined by the calculation means (12). 

5 

2. The apparatus of claim 1 , wherein the computed to- 
mography means is formed by a nuclear magnetic 
resonance imaging device which also takes T2 
weighted tomographic images before and after an 

10 application of the ultrasonic waves by the ultrasonic 
wave applicator means, the calculation means also 
calculates a difference image between the T2 
weighted tomographic images taken by the comput- 
ed tomography means before and after the applica- 

>5 tion of the ultrasonic waves by the ultrasonic wave 
applicator means, and the display means also dis- 
plays the difference image calculated by the calcu- 
lation means. 

20 3. The apparatus of claim 1 , wherein the computed to- 
mography means is formed by a nuclear magnetic 
resonance imaging device which also takes chem- 
ical shift data before and after an application of the 
ultrasonic waves by the ultrasonic wave applicator 

25 means, the calculation means also calculates a dif- 
ference image between the chemical shift data tak- 
en by the computed tomography means before and 
after the application of the ultrasonic waves by the 
ultrasonic wave applicator means, and the display 

30 means also displays the difference image calculat- 
ed by the calculation means. 

4. The apparatus of claim 1, wherein the display 
means also displays an Incidence route of the ultra- 

35 sonic waves applied by the ultrasonic wave appli- 
cator means in superposition to the three-dimen- 
sional image Information. 

5. The apparatus of claim 1 , further comprising: 

40 

ultrasonic wave probe means, provided in con- 
junction with the ultrasonic wave applicator 
means, for collecting ultrasonic wave image da- 
ta of the object to be treated; and 

45 

ultrasound tomographic imaging means for ob- 
taining ultrasound tomographic images of the 
object to be treated from the ultrasonic wave 
image data collected by the ultrasonic wave 
50 probe means, wherein the display means also 

displays the ultrasound tomographic images 
obtained by the ultrasound tomographic imag^l 
ing means, ] 

55 6. The apparatus of claim 5, wherein the display 
means also displays a slice region currently 
scanned by the ultrasonic wave probe means In su- 
perposition to the three-dimensional image infor- 
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mation. 

7. The apparatus of claim 5, wherein the computed to- 
mography means also obtains two-dimensional to- 
mographic images of the object to be treated, and 5 
the display means displays the ultrasound tomo- 
graphic images obtained by the ultrasound tomo- 
graphic imaging means in real time, along with cor- : ' 
responding views of the two-dimensional tomo- j 
graphic images obtained by the computed tomog- 10 
raphy means. ■ 

8. The apparatus of claim 1 , wherein the computed to- 
mography means is formed by a nuclear magnetic 
resonance imaging device, and the apparatus fur- is 
ther comprising endocavitary probe means to be in- 
serted into a body cavity of the object to be treated, 
containing an RF coil for applying RF pulses and 
collecting nuclear magnetic resonance signals to be 
used by the computed tomography means. 20 

9. The apparatus of claim 8, wherein the endocavitary 
probe means is equipped with temperature sensor 
means for measuring temperature at a position of 
the endocavitary probe means and intensity sensor 25 
means for measuring intensity of the ultrasonic 
waves applied by the ultrasonic wave applicator 
means at a position of the endocavitary probe 
means. 

30 

10. The apparatus of claim 1, wherein the focal point 
control means sequentially shifts the focal point of 
the ultrasonic waves among divided portions of the 
object to be treated in an order in which no two suc- 
cessive positions of the focal point are located at 35 
adjacent ones of the divided portions. 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 6 
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FIG. 8 
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FIG. 10 
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FIG. 11 A FIG. 11 B 
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FIG. 13A FIG. 13B 
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